ABSTRACT. The Eucalyptus lenceolata wood was collected from Malakand division, Khyber Pakhtunkhwa Pakistan. Chemical activation of sample was conducted for surface efficiency. Batch studies were performed to address various experimental parameters like, contact time, temperature and adsorbent dosage for the removal of dye. For elemental analysis, surface morphology and for identification of different functional groups, energy dispersive spectroscopy (EDS), scanning electron microscopy (SEM) and Fourier transform infrared (FTIR) techniques were applied, respectively. Removal of dye (Basic Green 5) was studied on raw and activated samples by kinetics adsorption at different temperature. BET adsorption isotherm was used to characterize the surface area of the sample. Under the conditions investigated, a higher carbonization temperature promoted development of porous structures. Intraparticle diffusion, Elovich and Bhangam models were used for adsorption kinetics studies. From adsorption kinetic data thermodynamic parameters like ΔH ≠ , ΔS ≠ and ΔE ≠ were determined. The results show that the adsorption is spontaneous process. The endothermic nature of adsorptive process is due to the positive value of enthalpy. The negative entropy shows that acids molecules on the surface of adsorbent take an oriented position. The results shows that all the models were best fitted for these data of adsorption.
INTRODUCTION
Over the last ten years, adsorption systems contain activated carbon (AC) has been well thought-out one of the greatest available technologies for removing both organic and inorganic trace contaminants [1, 2] . When dyes are functional to the fibers they instruct a stable color. Almost all dye stuffs are made from the decontamination of coal tar [3, 4] . A variety of poisonous organic chemicals are potentially dangerous to human health and also to the earth and marine ecosystem. Aromatic compounds are present in waste effluents discharged from paint, solvent, petroleum, petrochemical, pharmaceutical, plastic, pesticide, iron and steel, paper and pulp industries. Adsorption processes using activated carbons have been found to be effective in the treatment of the wastewaters [5, 6] . The adsorption method still waste the most outstanding as it can generally take away all types of organic pollutants and the effluent performance is appropriate for the reason that of a easy plan and simple operations. In particular, sorption on commercially accessible activated carbon is one of the most usual methods for the removal of pollutants from wastewater [7] . Furthermore, activated carbon can give an effective and financial division process to be working in the action of a variety of manufacturing effluents [8] .
Activated carbons have adsorption ability that stems from their high surface area, porosity and surface chemical properties. These are the rich resources of adsorbents for waste water treatment. These absorbent are micro, meso and macroporous. The large size of adsorbate cannot approach to micropores
The Basic Green 5 (BG-5) molecule having linear structure with molecular weight of 364.5 g/mol. Accidental intake of Basic Green 5 may be harmful to the health produces pain and decomposition of the alimentary sufficiency of food eating due to severe narrowing of the esophagus and pylorus [10] . A quantity of difficulties encountered in elimination of dyes from wastewaters because dyes are stable molecules and oppose degradation. Marketable dyes are typically a mixture of large number complexes and its molecular structure and properties have not been reported so far. Dyes also vary commonly in chemical composition. In short, basic dyes are considered as the more challenging classes of dye which are considered toxic colorants. As a consequence, enhanced and cost effective technologies are required to remove them from textile effluents [11] .
Rengaraj studied the agricultural solid waste for the remov from wastewater by palm seed coating through activated carbon. The removal of phenol from aqueous solution on activated carbon was carried out under various conditions like contact time, concentration, pH and adsorbent d
The basic purpose of the present research work is to prepare an efficient adsorbent from low cost precursors which can remove the toxic substances from aqueous media.
Preparation of carbon adsorbent
The source materials used were the wood of plants from stem of were collected and heated for 8 hours on a flame burner in a specially designed iron container with a passage for the emission of volatile matter. Carbon obtained ( wood used) was cooled in the container and gr passed through mesh 150-180 μm. The carbon was leached with standard 0.2 N nitric acid and hydrochloric acid solutions in the ratio of 1:1, p hydrochloric acid and taken for 24 hours at 25 with distilled water until neutral pH. and kept for 24 hours at 25 sample, and then it was filtered. The obtained carbon was dried in an oven at 80 ± 2 allowed to cool and kept under nitrogen atmosphere.
Adsorbate
Basic Green 5. The adsorbate solution was prepared from which different working solutions were prepared in double distilled water. 1.
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Bull. Chem. Soc. Ethiop. 2017, 31 (3) treatment. These absorbent are micro, meso and macroporous. The large size of adsorbate cannot approach to micropores they accommodate on meso and macropores [9] . 5) molecule having linear structure with molecular weight of 364.5 Accidental intake of Basic Green 5 may be harmful to the health produces pain and decomposition of the alimentary tract with pain and vomiting, also death can occur due to in sufficiency of food eating due to severe narrowing of the esophagus and pylorus [10] . A quantity of difficulties encountered in elimination of dyes from wastewaters because dyes are les and oppose degradation. Marketable dyes are typically a mixture of large number complexes and its molecular structure and properties have not been reported so far. Dyes also vary commonly in chemical composition. In short, basic dyes are considered as the more challenging classes of dye which are considered toxic colorants. As a consequence, enhanced and cost effective technologies are required to remove them from textile effluents Rengaraj studied the agricultural solid waste for the removal of organic pollutant like phenol from wastewater by palm seed coating through activated carbon. The removal of phenol from aqueous solution on activated carbon was carried out under various conditions like contact time, concentration, pH and adsorbent dose [12] .
EXPERIMENTAL
Preparation of carbon adsorbent
The source materials used were the wood of plants from stem of Eucalyptus lenceolata, which were collected and heated for 8 hours on a flame burner in a specially designed iron container with a passage for the emission of volatile matter. Carbon obtained (about half of the mass of wood used) was cooled in the container and ground with the help of pestle and mortar and 180 μm. The carbon was leached with standard 0.2 N nitric acid and hydrochloric acid solutions in the ratio of 1:1, prepared from concentrated nitric acid and hydrochloric acid and taken for 24 hours at 25 o C with regular mixing. Then filtered and washed with distilled water until neutral pH. The carbon was activated with organic solvent n-hexane 25 o C with regular mixing to remove the organic content form the sample, and then it was filtered. The obtained carbon was dried in an oven at 80 ± 2 o C. Then allowed to cool and kept under nitrogen atmosphere.
The adsorbate solution was prepared from which different working solutions were prepared in double distilled water. The chemical structure of the dye is shown in Scheme Scheme 1. Chemical structure of Basic Green 5.
treatment. These absorbent are micro, meso and macroporous. The large size of adsorbate 5) molecule having linear structure with molecular weight of 364.5 Accidental intake of Basic Green 5 may be harmful to the health produces pain and also death can occur due to in sufficiency of food eating due to severe narrowing of the esophagus and pylorus [10] . A quantity of difficulties encountered in elimination of dyes from wastewaters because dyes are les and oppose degradation. Marketable dyes are typically a mixture of large number complexes and its molecular structure and properties have not been reported so far. Dyes also vary commonly in chemical composition. In short, basic dyes are considered as one of the more challenging classes of dye which are considered toxic colorants. As a consequence, enhanced and cost effective technologies are required to remove them from textile effluents al of organic pollutant like phenol from wastewater by palm seed coating through activated carbon. The removal of phenol from aqueous solution on activated carbon was carried out under various conditions like contact time,
The basic purpose of the present research work is to prepare an efficient adsorbent from low , which were collected and heated for 8 hours on a flame burner in a specially designed iron container about half of the mass of nd with the help of pestle and mortar and 180 μm. The carbon was leached with standard 0.2 N nitric acid and repared from concentrated nitric acid and C with regular mixing. Then filtered and washed hexane C with regular mixing to remove the organic content form the C. Then
The adsorbate solution was prepared from which different working solutions of the dye is shown in Scheme
The trade name and some characteristics of the dye are: chemical name: Basic Green 5 (C.I. 52020), molecular formula: C 16 
Analysis and characterization
Energy dispersive spectrum (EDS -INCA 200 Oxford Instruments) was used for elemental analysis on the adsorbent surface. SEM of the sample was obtained by mounting the sample on aluminum discs (1 cm x 0.25 cm) and by using SEM-Model-JSM-5910, Japan JEOL. Fourier transmission infrared spectra of the carbon samples were obtained by using 8201PC Shimadzu Fourier Transform Infrared Spectrophotometer along with FTCOM-1 computer organize disc part. By BET-N 2 adsorption the surface area of the sample was determined. The procedure was carried out manometrically at -196 o C via surface area and pore size analyzer (Model: Quanta chrome NOVA 2200).
Adsorption studies
Equilibrium time. A 0.1 g of carbon plant sample was taken in reagent bottles and 10 mL of Basic Green 5 solution was added. Two initial concentrations of the dye sample were kept in reagent bottles and were shacked in thermo stated water bath shakers at 25 o C for different time (0.5, 1, 2, 4, 6 and 8 hours). The content of the reagent bottles was then filtered and the filtrate was studied for change in dye concentration using spectrophotometer. The quantity of dye adsorbed (D Φ. mol/g) were determined with the help of the formula (1):
where D o is initial concentration and D σ is equilibrium concentration of dye (mol L -1 ) in that order, V is volume and W is weight of adsorbent.
Adsorption kinetic study. A 0.1 g adsorbent and 10 mL of dye solution were taken in reagent bottles. The mixture was shacked at 20, 30 and 40 o C for the duration of 10-40 min. Then filtered and the clear filtrate was examined for change in concentration by spectrophotometer. The dye adsorbed (D Φ. mol.g -1 ) was then determined by using the above-mentioned formula.
RESULTS AND DISCUSSION
Surface area
BET procedure was used to determine surface area of Eucalyptus lenceolata. It is based on multilayer adsorption of nitrogen gas on carbon surface and gives a base to explore the micro porous surface area of carbon. This method is support on monolayer adsorption of Langmuir isotherm exceeds to multilayer adsorption with assumptions: (1) N 2 molecules accumulate on adsorbent in layers. (2) There are no intra molecular attractive forces. (3) Langmuir model can be explained each adsorbed layer. Surface area was calculated by using BET Equation 2 [13] :
The relative diffusion pressure of dye is p and po,  is the quantity of gas adsorbed at the surface and  m is amount of unilayer N 2 adsorbed and C is constant.
= exp (3)
The heat for first adsorb layer of sorption is E 1 and E L is for onward layers.
To find adsorption isotherm used Equation 1 plotting 1/ [(po/p)-1] against φ = p/po. intercept I and slope A is used to calculate the unilayer adsorbed N 2,  m, and the constant C by following equation.
The total specific surface area is given by
The units of molar volume of N 2 gas is  m =
where N = Avogadro number, S is cross section of N 2 gas, M is the molar volume of adsorbate gas and a is the adsorbent mass (g). During chemical changes the surface became neat and the foreign substances were removed and the surface becomes suitable for the adsorption of basic dye that is the sample surface area increase. Surface of carbon with non-polarity at high temperature also favor for high surface area, groups are removed and surface become homogeneous [14] . Eisazadeh studied specific surface area and pore structure and its main characteristics in determining its chemical and physical contacts. Due to this fact most of the chemical reactions occur in the surface. In the same way, the analysis of physical properties such as permeability requires an exact measurement of specific surface area and the pore structure. One of the most familiar method for determining the surface area as known is BET method [15] .
EDS/SEM
The Elemental analysis showed that carbon and oxygen is an abundant in raw and activated samples of Eucalyptus lenceolata. However in the raw Eucalyptus lenceolata a small percent of calcium is also detected as shown in Table 1 .
SEM was used to identify the characteristic morphologies of Eucalyptus lenceolata. The Scanning electron micrograph showed porosity of carbon as shown in Figure 1 . Goldstein studied the EDS spectroscopy is a valuable characterization for elemental analysis in materials and medical science. Modern research indicates that a high-energy resolution EDS is necessary for use within the transmission electron microscope. Si-based semiconductor detectors are used for X-ray detection in the characteristic of EDS systems of electron microscopes [16] . Scanning electron micrographs of (A) raw carbon with (X500), (B) raw carbon with (C) activated carbon with X500) and (D) activated carbon with X4000.
FTIR spectra of carbon of activated and raw Eucalyptus lenceolata are shown in Figure 2 . The regions 1199, 1190 and 1166 cm -1 in the spectra is due to the presence of (C−O) group stretching Eucalyptus lenceolata [17] . This region can be seen in spectrum of ptus lenceolata samples. Eucalyptus lenceolata show C=C group -1 in raw carbon. The activated carbon show C=O band on 1716, . C=C show stretching bonds in benzene rings band on 1558 cm -1 . The (C stretching band on 1188, 1172 and 1151 cm -1 . Group S=O stretching which is present on vated carbon prepared from Eucalyptus lenceolata. The peaks in the region are mainly due to C=C stretching bonds in benzene rings [18] . C=O represent 415 % activated carbon of (A) raw carbon with (X500), (B) raw carbon with 2. The stretching [17] . This region can be seen in spectrum of show C=C group in raw carbon. The activated carbon show C=O band on 1716, (C−O) . Group S=O stretching which is present on . The peaks in the region are mainly due to C=C stretching bonds in benzene rings [18] . C=O represent 416 stretching which indicate the presence of oxygen containing functional groups such as carboxyl's, phenols and ethers of the type C region 1000-1100 cm -1 , indicate that mineral matters were present in all the spectra's of all the two samples. Khare also studied spectrometer was used for the identification of different functional groups on the sample surface. The absorbance data were processed for the number wave range from 4000 to 400 cm by means of the fundamental software [19] .
Figure 2. FTIR spectra of (A) raw carbon
Adsorption studies
Equilibration time and adsorption kinetics Eucalyptus lenceolata carbon was studied at 25 parameters of rate equations for Basic Green 5 onto raw carbon and activated carbon are given in Tables 2 and 3, respectively   Table 2 . Comparison of the parameters of rate equations for Basic Green 5
The equilibrium was reached up to 4 hours and then become plateau. It was concluded that equilibration time 4 hours is maximum time to cover the entire surface. stretching which indicate the presence of oxygen containing functional groups such as yl's, phenols and ethers of the type C 6 H 5 -O-CH 3 or -CH 2 -O-CH 3 . Sharp bands in the , indicate that mineral matters were present in all the spectra's of all the Khare also studied Fourier transform infrared spectroscopy, Mattson 1000 spectrometer was used for the identification of different functional groups on the sample surface. The absorbance data were processed for the number wave range from 4000 to 400 cm by means of the fundamental software [19] .
FTIR spectra of (A) raw carbon and (B) activated carbon. dsorption kinetics. The adsorption equilibrium time of basic dye on carbon was studied at 25 o C for a period of 0.5, 1, 2, 4, 6 and 8 hours. parameters of rate equations for Basic Green 5 onto raw carbon and activated carbon are given respectively.
Comparison of the parameters of rate equations for Basic Green 5 onto raw carbon.
equilibrium was reached up to 4 hours and then become plateau. It was concluded that equilibration time 4 hours is maximum time to cover the entire surface. From equilibration time study the solution range for the adsorption kinetics was arranged and adsorption of dye was C shown in Figure 3 for all the raw and activated samples of Eucal the adsorption process was fast and then decreased due to the maximum diffusion. With increase in adsorption temperature adsorption of basic dye on carbon increases showing that the nature of process is endothermic. Ho stretching which indicate the presence of oxygen containing functional groups such as . Sharp bands in the , indicate that mineral matters were present in all the spectra's of all the Mattson 1000 spectrometer was used for the identification of different functional groups on the sample surface. The absorbance data were processed for the number wave range from 4000 to 400 cm -1 quilibrium time of basic dye on C for a period of 0.5, 1, 2, 4, 6 and 8 hours. The parameters of rate equations for Basic Green 5 onto raw carbon and activated carbon are given equilibrium was reached up to 4 hours and then become plateau. It was concluded that equilibration time 4 hours is maximum time to cover the entire surface. From equilibration time rption of dye was Eucalyptus the adsorption process was fast and then decreased due to the rature adsorption of basic dye on carbon increases showing that the nature of process is endothermic. Ho studied the equilibrium Removal of basic green 5 by carbonaceous adsorbent: adsorption adsorption isotherm is basically significant for adsorption systems. Equilibrium studies give the ability of the adsorbent and describe the adsorption isotherm by constants whose values convey the surface properties of the adsorbent. Equilibrium relationships between adsorbent and adsorbate are determined by adsorption isotherms, typically the ratio between the amount adsorbed and that remaining in the solution at a constant temperature at equilibrium. The major interest of this study was to investigate sorption of basic dye [20] . adsorption isotherm is basically significant for adsorption systems. Equilibrium studies give the describe the adsorption isotherm by constants whose values convey the surface properties of the adsorbent. Equilibrium relationships between adsorbent and adsorbate are determined by adsorption isotherms, typically the ratio between the amount that remaining in the solution at a constant temperature at equilibrium. The major interest of this study was to investigate sorption of basic dye [20] . From the adsorption of (Basic Green-5) on carbon of woody plants (Eucalyptus lenceolata rate constant was determined by using first order rate equation:
is the equilibrium concentration of dye (mol L -1 ) and k ad stands for the rate constant. Rate constants were calculated from the straight line plots of ln D  vs. t at different temperatures as shown in Table 4 . The values for rate constant increased with increasing experimental temperature. From the first order rate equation the R 2 value (0.8-0.99) closer to 1, ergy was determined by using the Arrhenius straight line equation in the 417 adsorption isotherm is basically significant for adsorption systems. Equilibrium studies give the describe the adsorption isotherm by constants whose values convey the surface properties of the adsorbent. Equilibrium relationships between adsorbent and adsorbate are determined by adsorption isotherms, typically the ratio between the amount that remaining in the solution at a constant temperature at equilibrium. The major (B) activated carbon.
ptus lenceolata) the (8) stands for the rate vs. t at different temperatures as shown in Table 4 . The values for rate constant increased with increasing 0.99) closer to 1, ergy was determined by using the Arrhenius straight line equation in the E a indicates energy of activation, rate constants are k 1 and k 2 , gas constant R and temperature T. The activation energies calculated for dye adsorbed on carbon are given in Table 4 . The energies of activation for the dye adsorbed at various temperatures were found to 25.1 kJ mol -1 for raw carbon while 48.2 kJ mol -1 for activated carbon of Basic Green 5. The rate of reaction of Basic Green 5 on raw carbon is high and the rate of reaction of Basic Green 5 on activated carbon is low. From activation energies, different thermodynamic parameters like ΔH # and ΔS # are determined (Table 4 ) the equations are given [21] : Table 4 ; and negative values of the entropy revealed that the process is an order. Khaiary studied at higher concentrations the saturation of the adsorption sites, the rate constant of adsorption on sample surface. With the passage of time the remaining vacant surface sites are difficult to be occupied due to repulsive forces between adsorbate and adsorbent surface. Increase in temperature favor to increase in adsorption up to some extant [22] . Table 4 . Thermodynamic constants for removal of basic dyes onto carbon prepared from the wood of Eucalyptus lenceolata.
Elovich model
Elovich model is expressed in linear form as [23] .
Straight lines were achieved by plotting D Φ versus ln (t) with slope "1/A" and intercept "1/A lnCD" shown in (Tables 2-3 ). It is found that the shaking temperature increased the value of α decreased while k o increased with the raise in temperature showing the adsorption of dye in pores of carbon is well controlled process [26, 27] . Yaneva studied the experimental kinetic results were analyzed by series of rate/mass transfer equations. Bangham's model, NP sorption was mainly limited by chemisorption, but the role of Bangham could not be neglected. The highest extend of 4-NP uptake determined in the recent study was 94%
Bhangum plots for adsorption of Basic Green 5 on (A) raw carbon and (B) activated 419 (B) activated (13) , weight of dye is W, V indicate volume of solution, D  is quantity adsorbed at time t. Using the intercepts and slopes of linear plots shown in Figure 5 .
ng temperature increased increased with the raise in temperature showing the adsorption 27]. Yaneva studied the experimental of rate/mass transfer equations. Bangham's model, NP sorption was mainly limited by chemisorption, but the role of Bangham could NP uptake determined in the recent study was 94%
(B) activated
Parabolic diffusion model
The plots of D  vs. t 1/2 show multi layer adsorption, which characterizes various steps counting in the adsorption [29] . According to Mor D Φ = k id t 1/2 + B Figure 6 . Intraparticle diffusion plots for adsorption of Basic Green 5 on (A) raw carbon activated carbon.
The intraparticle diffusion coefficient (k at 40 o C: 0.0383 for activated correlation coefficient R 2 for the parabolic diffusion (0.999) is n agreement for the basic dye adsorption on carbon adsorbent surface. Yao studied in a lab, cylinder or sphere is propo rate for short and long cycle periods linear driving force (LDF) model [30] .
The EDS spectra of both, raw and activated sampl Moreover, the surface of raw sample contains potassium and calcium along with oxygen and carbon while the activated sample contains no such elements. The SEM micrograph show surface porosity in various size and sh is due to the presence of (C present at 1614 and 1647 cm -and 1697 cm -1 . The presence of peak at 1022 cm lenceolata was due to the S=O stretching. Surface area of raw sample was found to be 475 m while that of activated sample 399 m the fact that its surface carries the elements, calcium and potassium while no such elements are found on the surface of activated sample. 4 hours is coverage. The data indicate that the adsorption of dye on carb equations and it was resulted that the process is a diffusion controlled process. The positive value of ΔH # suggests the endothermic nature of adsorptive process. The negative values of ΔS suggest that the system is in order.
The Department of Chemistry acknowledged for providing the research facilities. show multi layer adsorption, which characterizes various steps counting in the adsorption [29] . According to Morris and Weber parabolic diffusion is given by:
Intraparticle diffusion plots for adsorption of Basic Green 5 on (A) raw carbon and intraparticle diffusion coefficient (k id ) is given in Tables 2 and 3 . The k id values of BG ctivated Eucalyptus lenceolata, 0.0348 for raw Eucalyptus lenceolata for the parabolic diffusion (0.999) is nearer to 1 confirms best agreement for the basic dye adsorption on carbon ( Figure 6 ). This is due to the active sites on adsorbent surface. Yao studied intraparticle diffusion model for cyclic adsorption and desorption in a lab, cylinder or sphere is proposed on the basis of the asymptotic behavior of the adsorption rate for short and long cycle periods, through relationship with the accurate solution and the linear driving force (LDF) model [30] .
CONCLUSION
The EDS spectra of both, raw and activated samples show the presence of carbon and oxygen. Moreover, the surface of raw sample contains potassium and calcium along with oxygen and carbon while the activated sample contains no such elements. The SEM micrograph show surface porosity in various size and shapes. The regions 1199, 1190 and 1166 cm -1 in the spectra is due to the presence of (C−O) group stretching. Eucalyptus lenceolata show C=C group -1 in raw carbon. The activated carbon show C=O band on 1716, presence of peak at 1022 cm -1 on activated carbon prepared from Eucal was due to the S=O stretching. Surface area of raw sample was found to be 475 m while that of activated sample 399 m 2 g -1 . The greater surface area of the raw sample is due to the fact that its surface carries the elements, calcium and potassium while no such elements are found on the surface of activated sample. 4 hours is equilibrium time for whole surface coverage. The data indicate that the adsorption of dye on carbon particles is best fit to the linear equations and it was resulted that the process is a diffusion controlled process. The positive suggests the endothermic nature of adsorptive process. The negative values of ΔS in order.
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